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Description 

CROSS REFERENCE TO RELATED APPLICATION 

[0001] This application is a continuation-in-part (CIP) 5 
application claiming priority from U.S. Patent Applica- 
tion Serial Number 10/218,401, entitled "Methods and 
Apparatus for Communicating via a Radio Channel" 
filed August 14, 2002. 

TECHNICAL FIELD 

[0002] The present disclosure relates generally to 
wireless communication systems, and, more particular- 
ly, to a method and apparatus for mitigating radio fre- 
quency interference between transceivers. 

BACKGROUND 

[0003] Typically, standard local area network (LAN) 
protocols such as Ethernet provide access to network 
resources through wired, land line connections within a 
small geographic area (e.g., within an office building). 
However, until recently, LANs were limited to the con- 
ventional wired network connections. To increase mo- 
bility and flexibility, the concept of wireless LANs (i.e., 
WLANs) has been introduced. That is, WLANs provide 
convenient access to network resources for portable 
computers (e.g., a laptop computer) and handheld de- 
vices (e.g., a personal digital assistant (PDA)) both in 
and out of the office via an access point. In particular, 
the 802.11 communication protocol developed by the In- 
stitute of Electrical and Electronics Engineers (i.e., the 
IEEE 802.11 standard, IEEE std. 802.11-1997, pub- 
lished 1 997) provides a standard for WLANs for wireless 
transmissions using spread spectrum radio frequency 
(RF) signals in the 2.4 gigahertz (GHz) Industrial, Sci- 
entific, and Medical (ISM) frequency band. The 802.11 
communication protocol offers wireless transmission at 
rates of either one megabits per second (1 Mbps) or two 
megabits per second (2 Mbps) to access wired LANs. 
Based on the 802.11 communication protocol, the 
802.11b communication protocol (i.e., IEEE 802.11b 
standard, IEEE std. 802.1 1 b-1 999, published 1999, 
which is also known as Wi-Fi or Wireless Ethernet) may 
extend the rate to 1 1 Mbps. The 802.1 1 b communication 
protocol may also increase the RF coverage up to ap- 
proximately 500 feet. Despite enhancing the ability of 
an electronic device to access a LAN (e.g., for web 
browsing and e-mail), the 802.11b communication pro- 
tocol may not be optimal for establishing a wireless con- 
nection with devices in a wireless personal area network 
(WPAN) such as computers, cellular telephones, per- 
sonal digital assistants (PDAs), and other peripherals 
such as a mouse. That is, a disadvantage of the 802-1 1 b 
communication protocol is that a transceiver system (i. 
e., a radio system) operating in accordance with the 
802.11b communication protocol may use an unneces- 



sary amount of power to communicate with WPAN de- 
vices. 

[0004] It is widely known that the Bluetooth commu- 
nication protocol also uses short-range radio links to re- 
place physical cables connecting between portable and/ 
or fixed electronic devices. Like the 802.11b communi- 
cation protocol, the Bluetooth communication protocol 
also operates in the unlicensed 2.4 gigahertz (GHz) ISM 
frequency band for short-range wireless connection be- 
tween computers, cellular telephones, cordless tele- 
phones, PDAs, local area networks (LANs) and other 
peripherals such as printers, mice, and facsimile ma- 
chines. In particular, the Bluetooth communication pro- 
tocol may be used in wireless personal access networks 
(WPANs) because it requires less power than the 
802.11 b communication protocol. For example, a laptop 
notebook may be able to synchronize with a PDA, to 
transfer files with a desktop computer and/or another 
laptop notebook, to transmit or to receive a facsimile, 
and to initiate a print-out of a document. Thus, an ad- 
vantage of the Bluetooth communication protocol is that 
the protocol is more robust to communicate with WPAN 
devices than the 802.11b communication protocol. 
However, a transceiver system operating in accordance 
with Bluetooth communication protocol may not be able 
to operate at sufficient power, range, and speed to ac- 
cess a LAN. 

[0005] As noted above, both the 802.1 1 b communica- 
tion protocol and the Bluetooth communication protocol 
operate in the 2.4 GHz ISM frequency band. That is, the 
channels used by 802.11b transceiver system and the 
Bluetooth transceiver system may interference with 
each other. Thus, collision may occur when the 802.1 1 b 
transceiver system and the Bluetooth transceiver sys- 
tem are communicating at the same time (e.g., the Blue- 
tooth transceiver system may cause interference to the 
802.11 b transceiver system). 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] 

FIG . 1 is a schematic illustration of an example wire- 
less communication system. 
FIG. 2 is a more detailed view of the electronic de- 
vice of FIG. 1 . 

FIG. 3 is a schematic illustration of example direct 
sequence spread spectrum (DSSS) channels. 
FIG. 4 is a schematic illustration of an example fre- 
quency hopping spread spectrum (FHSS) channel 
in an interference zone. 

FIG. 5 is a schematic illustration of another example 
FHSS channel in the interference zone. 
FIG. 6 is a schematic illustration of still another ex- 
ample FHSS channel in the interference zone. 
FIG. 7 is a schematic illustration of yet another ex- 
ample FHSS channel in the interference zone. 
FIG. 8 is a flowchart illustrating the operation of the 
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electronic device of FIG. 2. 

FIG. 9 is a block illustration of a two-wire interface 

between transceiver systems. 

FIG. 10 is a timing illustration of communication of 

channel information via the two-wire interface. 

FIG. 11 is a table of four-bit channel codes indicative 

of radio channels. 

FIG. 12 is a timing illustration of communication of 
priority information via the two-wire interface. 
FIG. 1 3 is a timing illustration of a transceiver sys- 
tem. 

FIG. 14 is a block illustration of a four-wire interface 
between transceiver systems. 
FIG. 15 is a timing illustration of communication of 
priority information via the four-wire interface. 

DETAIL DESCRIPTION 

[0007] Although the methods and apparatus dis- 
closed herein are particularly well suited for use with a 
laptop computer including a transceiver system operat- 
ing in accordance with the 802.11 b communication pro- 
tocol and a transceiver system operating in accordance 
with the Bluetooth communication protocol, persons of 
ordinary skill in the art will readily appreciate that the 
teachings herein are in no way limited to laptop comput- 
ers. On the contrary, persons of ordinary skill in the art 
will readily appreciate that the teachings of this disclo- 
sure can be employed with any electronic device such 
as a handheld computer, a cellulartelephone, and a per- 
sonal digital assistant (PDA) regardless of the wireless 
communication protocols it employs. 
[0008] FIG. 1 is a schematic illustration of an example 
wireless communication system 100. In the wireless 
communication system 100, an electronic device 110 
such as a portable computer may be in communication 
with other portable or fixed electronic devices such as, 
but not limited to, a laptop computer 1 30, a desktop com- 
puter 132, a personal digital assistant (PDA) 134, a cel- 
lular telephone 136, and a printer 138. Although in the 
illustrated example, the electronic device 110 is shown 
as a portable computer, persons of ordinary skill in the 
art will appreciate that the electronic device 1 1 0 may be, 
but is not limited to, a laptop computer, a notebook com- 
puter, a personal digital assistant (PDA), a cellulartele- 
phone, etc. As used herein "portable computer" refers 
to any computer (e.g., a laptop computer, a notebook 
computer) that is designed to be carried by a person. 
The electronic device 110 may also be in communica- 
tion with a human interface device (HID) such as, but 
not limited to, a mouse 1 40, a keyboard 1 42, and a mon- 
itor 144. Further, the electronic device 110 may be in 
communication with an access point 150 operatively 
coupled to a local area network (LAN) to access, for ex- 
ample, the Internet, the Intranet, and other servers. 
[0009] As explained in detail below, the illustrated 
electronic device 110 generally includes a first trans- 
ceiver system and a second transceiver system opera- 



ble for wireless communication with other electronic de- 
vices or networks in a wireless personal access network 
(WPAN) and a wireless local area network (WLAN). One 
possible implementation of the electronic device 1 1 0 is 

5 shown in FIG. 2. As shown in that figure, the electronic 
device 1 1 0 generally includes a processor 202, a mem- 
ory 204, a first transceiver system 21 0 and a second 
transceiver system 220. The processor 202 is operative- 
ly coupled to the memory 204, which stores a computer 

w program as described in detail below or a set of operat- 
ing instructions for the processor 202. Accordingly, the 
processor 202 executes the program or the set of oper- 
ating instructions such that the electronic device 1 1 0 op- 
erates to provide the environments reflected in FIG. 1 . 

15 The program or set of operating instructions may be em- 
bodied in a computer-readable medium such as, but not 
limited to, paper, a programmable gate array, an appli- 
cation specific integrated circuit (ASIC), an erasable 
programmable read only memory (EPROM), a read only 

20 memory (ROM), a random access memory (RAM), a 
magnetic media, and an optical media. 
[001 0] The processor 202 is also operatively coupled 
to the first transceiver system 21 0 and the second trans- 
ceiver system 220. The first transceiver system 21 0 may 

25 be operatively coupled to the second transceiver system 
220 via a communication link 230. For example, the first 
transceiver system 210 may be in communication with 
the second transceiver system 220 via a commun ication 
bus. In another example, the first transceiver system 

30 21 0 may be directly wired to the second transceiver sys- 
tem 220 (i.e., a hardwire link). Alternatively, the commu- 
nication link 230 may be a wireless link such as a radio 
frequency link or an infrared link. Each of the first and 
second transceiver systems 21 0, 220 may include, but 

35 is not limited to, a transmitting unit generally shown as 
212 and 222, and a receiving unit generally shown as 
21 4 and 224. The transmitting unit 21 2 and the receiving 
unit 222 may be configured as multiple units as shown 
in FIG. 2 or be configured as a single (e.g., integral or 

40 unitary) unit. 

[001 1] As noted above, the first and second transceiv- 
er systems 210, 220 may provide wireless communica- 
tion services to the electronic device 110. To illustrate 
the concept of communicating via a radio channel, the 

45 first transceiver system 21 0 may operate in accordance 
with a first wireless communication protocol, and the 
second transceiver system 220 may operate in accord- 
ance with a second wireless communication protocol. 
For example, the first wireless communication protocol 

50 may be, but is not limited to the Institute of Electrical and 
Electronics Engineers (IEEE) 802.11b communication 
protocol (the IEEE standard 802.1 lb for "High Rate" 
Wireless Local Area Network), and the second wireless 
communication protocol may be, but is not limited to, the 

55 Bluetooth communication protocol. Accordingly, the first 
transceiver system 21 0 may operate in accordance with 
the IEEE 802.11b communication protocol (hereinafter 
"802.11b transceiver system"), and the second trans- 
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ceiver system 220 may operate in accordance with the 
Bluetooth communication protocol (hereinafter "Blue- 
tooth transceiver system"). Both the 802.1 1b transceiver 
system 210 and the Bluetooth transceiver system 220 
may be operable to communicate with other devices 
and/or networks via radio channels. Persons of ordinary 
skill in the art will readily appreciate that the 802.1 lb 
transceiver system 210 and the Bluetooth transceiver 
system 220 may use well known direct sequence spread 
spectrum (DSSS) and frequency hopping spread spec- 
trum (FHSS) algorithms, respectively, to select radio 
channels for communication. 

[0012] Accordingly, to provide short range ad-hoc 
connections between devices in WPANs and connec- 
tions to WLANs, two transceiver systems operating in 
accordance with different communication protocols may 
be integrated into an electronic device. For example, a 
laptop notebook may include two transceiver systems 
with one transceiver system operating in accordance 
with the 802.11b communication protocol (i.e., 802.11b 
transceiver system) and the other transceiver system 
operating in accordance with the Bluetooth communica- 
tion protocol (i.e., Bluetooth transceiver system). The 
802.11b transceiver system uses a direct sequence 
spread spectrum (DSSS) modulation technique where- 
as the Bluetooth transceiver system uses a frequency 
hopping spread spectrum (FHSS) modulation tech- 
nique. In particular, the DSSS modulation technique 
spreads data transmissions across 22 MHz segments 
of the entire available frequency band in a prearranged 
scheme. Within the 2.4 GHz frequency band, the 
802.1 1 b communication protocol defines 1 4 "center fre- 
quency channels" with channels 1 through 11 supported 
within the United States, and channels 12 through 14 
supported outside the U.S. In particular, channel 1 at 
2.412 GHz, channel 6 at 2 437 GHz, and channel 11 at 
2.462 GHz are the more commonly used non-overlap- 
ping channels. Channels 1 , 6. and 11 are spaced apart 
by 25 MHz. The 802.11b communication protocol may 
also be configured to provide six overlapping channels 
spaced 10 MHz apart. Typically, the DSSS modulation 
technique uses one channel and spreads data transmis- 
sions across atwenty-two megahertz band (i.e., a band- 
width of 22 MHz). Further, the 802.1 1 b transceiver sys- 
tem may encode data with a code known only to certain 
802. 1 1 b transceiver systems so th at data transmissions 
may not be as susceptible for intruders to intercept and 
decipher. With FHSS modulation technique, the Blue- 
tooth transceiver system is synchronized to hop from 
channel to channel in a predetermined pseudorandom 
sequence known only to certain Bluetooth transceiver 
systems. The Bluetooth communication protocol in- 
cludes up to 79 narrow channels with each channel hav- 
ing a one megahertz band (i.e., a bandwidth of 1 MHz 
in between 2.4 and 2.484 GHz). Typically, the FHSS 
modulation technique uses a majority of the channels 
and hops between the channels for data transmissions. 
As a result, the 802. 1 1 b transceiver system may be used 



forWLAN communication, and the Bluetooth transceiv- 
er system may be used for WPAN communication. 
[0013] A basic flow for scheduling communication via 
a radio channel that may be applied with the electronic 

5 device 110 shown in FIGs. 1 and 2 may start with the 
Bluetooth transceiver system 220 selecting a radio 
channel for communication (i.e., a selected radio chan- 
nel). As used herein "communication" refers to any 
transmission and/or reception of a signal. For example, 

10 the selected radio channel may be used by the Blue- 
tooth transceiver system 220 for transmitting a file to a 
desktop computer and/or receiving a command from a 
mouse. Persons of ordinary skill in the art will appreciate 
that selection of a radio channel may be implemented 

'5 in many ways. For example, the Bluetooth transceiver 
system 220 may use a well known frequency hopping 
spread spectrum (FHSS) algorithm to select the radio 
channel for communication (e.g., an FHSS channel). 
The Bluetooth transceiver 220 may receive an 802.11b 

20 operating signal from the 802.11b transceiver system 
via the communication link 230. The 802.11b operating 
signal may include channel information indicative of the 
DSSS channel such as, but not limited to, a reference 
corresponding to a radio channel for communication as- 

25 sociated with the 802.1 1 b transceiver system 21 0 (e.g., 
a DSSS channel), an operating mode of the DSSS chan- 
nel (e.g., active or inactive), and a priority level of com- 
mu n ication associated with the 802. 1 1 b transceiver sys- 
tem 210 (e.g., low or high) via the DSSS channel. As 

30 used herein "DSSS channel" refers to any radio channel 
selected by the 802. 1 1 b transceiver system 21 0 to com- 
municate with other electronic devices or networks in 
the wireless communication system 1 00 such as an ac- 
cess point (one shown as 150 in FIG. 1) or other 802.11b 

35 client via the ad hoc mode. Thus, the reference corre- 
sponding to the DSSS channel may be, but is not limited 
to, a letter, an alphanumeric character, and a number 
such as channel 1, channel 6, and channel 11 of any 
well known DSSS algorithm. The operating mode indi- 
go cates whetherthe 802.11 b transceiver system 21 0 is us- 
ing and/or is intending to use the DSSS channel forcom- 
munication. The priority level indicates whether the 
communication associated with the 802.1 1 b transceiver 
system 210 via the DSSS channel has higher priority 

45 over the communication associated with the Bluetooth 
transceiver system 220 via the FHSS channel. 
[0014] Based on the channel information provided by 
the 802.11b transceiver system 210, the electronic de- 
vice 1 1 0 (e.g., via the Bluetooth transceiver system 220) 

50 determines whether the FHSS channel may be availa- 
ble for communication associated with the Bluetooth 
transceiver system 220 without causing radio interfer- 
ence between the FHSS channel and the DSSS chan- 
nel. That is, the electronic device 1 1 0 determines wheth- 

55 erthe FHSS channel is in an interference zone of the 
DSSS channel (i.e., the frequency band of the FHSS 
channel is within, overlaps, adjacent to or substantially 
proximate to the frequency band of the DSSS channel) 
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based on the reference corresponding to the DSSS 
channel. As noted above, persons of ordinary skill in the 
art will appreciate that the 802.11b transceiver system 
may use a DSSS algorithm to select the DSSS channel. 
Referring to FIG. 3, for example, the DSSS algorithm 
may provide the 802.1 1 b transceiver system with three 
non-overlapping DSSS channels (i.e., channels, 1, 6, 
and 11) generally shown as 310, 320, and 330. The 
three non-overlapping channels are spaced 25 MHz 
apart in the 2.4 gigahertz (GHz) Industrial, Scientific, 
and Medical (ISM) frequency band (i.e., between 2.4 
and 2.484 GHz). Each of the three non-overlapping 
channels has a bandwidth of 22 MHz. In particular, 
channel 1 at 2.412 GHz extends from 2.401 to 2-423 
GHz (shown as 310), channel 6 at 2.437 GHz extends 
from 2.426 to 2.448 GHz (shown as 320), and channel 
11 at 2.462 GHz extends from 2.451 to 2.473 GHz 
(shown as 330). Alternatively, the 802.11b transceiver 
system may be configured to operate any of the fourteen 
channels available for the 802.1 1b communication pro- 
tocol. 

[0015] Persons of ordinary skill in the art will appreci- 
ate that the Bluetooth transceiver system may use an 
FHSS algorithm to select the FHSS channel. In partic- 
ular, the FHSS algorithm may provide the Bluetooth 
transceiver system with a radio channel having a band- 
width of 1 MHz in the 2.4 GHz ISM frequency band for 
communication. Thus, there may be radio interference 
between the 802.11b transceiver system and the Blue- 
tooth transceiver system 220 because the FHSS chan- 
nel may be in the interference zone of the DSSS chan- 
nel. Referring to FIG. 4, for example, the FHSS channel 
410 extending from 2.406 to 2.407 GHz is within the 
DSSS channel 310. As a result, the FHSS 410 may be 
in the interference zone of the DSSS channel 310. In 
another example, the FHSS channel 51 0 shown in FIG. 
5 extends from 2.4225 to 2.4235 GHz. The FHSS chan- 
nel 510 may be in the interference zone of the DSSS 
channel 310 because the FHSS channel 510 overlaps 
the DSSS channel 31 0 (i.e., from 2.4225 to 2.423 GHz). 
As shown in FIG. 6. the FHSS channel 61 0 extends from 
2.423 to 2.424 GHz. Although, the FHSS channel 610 
is adjacent to the DSSS channel 31 0, the FHSS channel 
610 may still be in the interference zone of the DSSS 
31 0 because marginal radio interference may exist with 
the FHSS 61 0 being on the edge of the DSSS channel 
310. Further, marginal radio interference may exist with 
the FHSS channel 71 0 being substantially proximate to 
the DSSS channel 310 as shown in FIG. 7. As a result, 
the FHSS channel 710 may also be in the interference 
zone of the DSSS channel 310. 
[0016] If the FHSS channel is not in the interference 
zone of the DSSS channel (e.g., the FHSS channel does 
not overlap the DSSS channel and the FHSS channel 
is not substantially proximate to the DSSS channel) then 
the Bluetooth transceiver system 220 may operate the 
FHSS channel to communicate with other electronic de- 
vices or networks in the wireless communication system 



100 such as a PDA (one shown as 134 in FIG. 1). On 
the other hand, if the FHSS channel is in the interference 
zone of the DSSS channel as described above then the 
electronic device 1 1 0 may determine whether the DSSS 

s channel is active for communication associated with the 
802. 1 1 b transceiver system 21 0 based on the operation 
mode of the DSSS channel. For example, the electronic 
device 110 may determine whether the DSSS channel 
is active for communication associated with the 802. 1 1 b 

io transceiver system 210 if the frequency band of the 
FHSS channel (shown as 410 in FIG. 4) is within the 
frequency band of the DSSS channel 310. 
[0017] When the FHSS channel is in the interference 
zone, but the operation mode of the DSSS channel is 

'5 inactive (i.e., the 802.11b transceiver system 210 is not 
using and/or is not intending to use the DSSS channel 
for communication), the Bluetooth transceiver system 
220 may use the FHSS channel for communication. In 
contrast, when the operation mode of the DSSS channel 

20 is active (i.e., the 802.1 1 b transceiver system 21 0 is us- 
ing and/or is intending to use the DSSS channel for com- 
munication), the electronic device 110 may determine 
whether communication associated with the 802.11b 
transceiver system 21 0 has priority over communication 

25 associated with the Bluetooth transceiver system 220. 
When the communication associated with the 802.11b 
transceiver system 21 0 has higher priority than the com- 
munication associated with the Bluetooth transceiver 
system 220, the Bluetooth transceiver system 220 may 

30 suspend its communication via the FHSS channel. For 
example, the Bluetooth transceiver system 21 0 may en- 
tirely abort its communication via the FHSS channel or 
wait until the communication associated with the 
802.11b transceiver system 210 via the DSSS channel 

35 is completed before using the FHSS channel to commu- 
nicate with other devices or networks in the wireless 
communication system 100. 

[0018] If the communication associated with the Blue- 
tooth transceiver system 220 has higher priority than the 

40 communication associated with the 802.1 1 b transceiver 
system 21 0 then the Bluetooth transceiver system 220 
may transmit a Bluetooth operating signal to the 802. 1 1 b 
transceiver system 21 0. In particular, the Bluetooth op- 
erating signal may indicate that the communication as- 

45 sociated with the Bluetooth transceiver system 220 has 
higher priority than the communication associated with 
the 802.11b transceiver system 210. In response to the 
Bluetooth operating signal, the 802.1 1 b transceiver sys- 
tem 210 may suspend its communication via the DSSS 

50 channel to avoid interference with the communication 
associated with the Bluetooth transceiver system 220. 
That is, the 802.11 b transceiver system 21 0 may entirely 
abort its communication via the DSSS channel or wait 
until the communication associated with the Bluetooth 

55 transceiver system 220 via the FHSS channel is com- 
pleted to communicate via the DSSS channel again . As 
a result, radio interference between the 802.11b trans- 
ceiversystem 21 0 and the Bluetooth transceiver system 
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220 may be mitigated. 

[0019] One possible implementation of the computer 
program executed by the electronic device 1 1 0 to pro- 
vide the environments reflected in FIG. 1 is illustrated in 
FIG. 8. Persons of ordinary skill in the art will appreciate 
that the computer program can be implemented in any 
of many different ways utilizing any of many different 
programming codes stored on any of many tangible me- 
diums such as a volatile or nonvolatile memory or other 
mass storage device (e.g., a floppy disk, a compact disc 
(CD), and a digital versatile disc (DVD)). Thus, although 
a particular order of steps is illustrated in FIG. 8, persons 
of ordinary skill in the art will appreciate that these steps 
can be performed in other temporal sequences. Again, 
the flow chart is merely provided as an example of one 
way to program the electronic device 110 to communi- 
cate via a radio channel to reduce interference between 
the first and second transceiver systems 21 0, 220 within 
the electronic device 110. 

[0020] Assuming that the electronic device 110 in- 
cludes an 802.11b transceiver system and a Bluetooth 
transceiver system as described above, the Bluetooth 
transceiver system uses a spread spectrum technique 
such as the FHSS algorithm to select a radio channel 
for communication, i.e., an FHSS channel (block 81 Oof 
FIG. 8). Persons of ordinary skill in the art will readily 
appreciate that the 802. 1 1 b transceiver system may use 
a well known direct sequence spread spectrum (DSSS) 
algorithm to select a radio channel for communication 
(i.e., a DSSS channel). At block 820, the Bluetooth 
transceiver system also receives an 802.11b operating 
signal from the 802. 1 1 b transceiver system via the wired 
communication link 230. The 802.11b operating signal 
includes channel information indicative of the DSSS 
channel such as, but not limited to a reference corre- 
sponding to the DSSS channel that the 802.11b trans- 
ceiver system is using and/or is intending to use for com- 
munication (e.g., a channel number), an operation mode 
of the DSSS channel (e.g., active or inactive), and a pri- 
ority level of communication associated with the 
802.11b transceiver system via the DSSS channel (e. 
g., low or high). 

[0021] Upon selection of the FHSS channel for com- 
munication and reception of the 802.11b operating sig- 
nal from the 802.11b transceiver system via the wired 
communication link 230, the electronic device 110 (e.g., 
via the Bluetooth transceiver system) determines 
whether the FHSS channel is available for communica- 
tion associated with the Bluetooth transceiver system 
based on channel information indicative of the DSSS 
channel. 

[0022] To determine whether the FHSS channel is 
available for communication, the electronic device 110 
determines whether the FHSS channel is in an interfer- 
ence zone of the DSSS channel (block 830). Persons 
of ordinary skill in the art will appreciate that there are 
many ways for the electronic device 110 to determine 
whether the FHSS channel is in an interference zone of 



the DSSS channel as shown in FIGs. 4, 5, 6 and 7. For 
example, the electronic device 110 may use a look-up 
table to determine whether the FHSS channel is in the 
interference zone with the DSSS channel based on the 

5 channel number of the DSSS channel. In another exam- 
ple, the electronic device 110 may use hardware com- 
ponents such as, but not limited to, a comparator, to de- 
termine whether the bandwidth of FHSS channel is in 
the interference zone of the bandwidth of the DSSS 

10 channel. 

[0023] Referring back to FIG. 8, when the FHSSchan- 
nel is not in the interference zone of the DSSS channel, 
the Bluetooth transceiver system may use the FHSS 
channel to communicate with other electronic devices, 

15 human interface devices, access points, etc. within the 
wireless communication system 100 (block 840). If the 
FHSS channel is in the interference zone of the DSSS 
channel, control proceeds to block 850. At block 850. 
the electronic device 110 (e.g., via the Bluetooth trans- 

20 ceiver system) determines whether the 802.11 b trans- 
ceiver system is using and/or is intending to use the 
DSSS channel for communication (e.g., transmission 
and/or reception of a signal by the 802.11b transceiver 
system) based on the operating mode of the DSSS 

25 channel. When the electronic device 110 detects that 
the DSSS channel is inactive (i.e., the 802.11b trans- 
ceiver system is not using and/or is not intending to use 
the DSSS channel), the Bluetooth transceiver system 
may use the selected RF channel for communication as 

30 described above (block 840). 

[0024] If the electronic device 110 detects that the 
DSSS channel is active (i.e., the 802.11b transceiver 
system is using and/or is intending to use the DSSS 
channel), control continues to block 860. At block 860, 

35 the electronic device 1 1 0 determines whether commu- 
nication associated with the 802. 1 1 b transceiver system 
via the DSSS channel has higher priority than the com- 
munication associated with the Bluetooth transceiver 
system via the FHSS channel. For example, a high pri- 

40 ority communication associated with the 802.1 1 b trans- 
ceiver system may be, but is not limited to, an acknowl- 
edgement of a reception of data packets, a CTS (clear- 
to-send) reception, and a beacon reception. When the 
electronic device 110 detects that the communication 

45 associated with 802.11b transceiver system via the 
DSSS channel has higher priority (block 860), the elec- 
tronic device 110 may determine whether to suspend 
the communication associated with the Bluetooth trans- 
ceiver system via the FHSS channel until the 802-1 1b 

50 communication is complete (block 870). For example, 
the Bluetooth transceiver system may wait and delay its 
communication via the FHSS channel (block 872). Al- 
ternatively, the Bluetooth transceiver system may en- 
tirely terminate its communication viathe FHSS channel 

55 (block 874), and control returns to block 810 to select 
another radio channel for communication. 
[0025] If the electronic device 110 detects that the 
communication associated with the Bluetooth transceiv- 
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er system via the FHSS channel has higher priority than 
the communication associated with the 802.11b trans- 
ceiver system via the DSSS channel, control proceeds 
to block 880. At block 880, the Bluetooth transceiver 
system may transmit a Bluetooth operating signal (i.e., 
a priority signal) to the 802.1 1 b transceiver system, and 
control continues to block 840. The Bluetooth operating 
signal indicates that the communication associated with 
the Bluetooth transceiver system via the FHSS channel 
has priority over the communication associated with the 
802.11b transceiver system via the DSSS channel. A 
high priority communication associated with the Blue- 
tooth transceiver system may be, but is not limited to, 
device discovery, connection establishment, connection 
maintenance, and human interface device (HID) profile. 
In response to the Bluetooth operating signal, the 
802.11b transceiver system may delay or entirely termi- 
nate its communication via the DSSS channel. As a re- 
sult, radio interference between the Bluetooth transceiv- 
er system and the 802.11b transceiver system may be 
reduced by scheduling communication via the FHSS 
channel and the DSSS channel. 
[0026] As noted above, the 802.1 1 b transceiver sys- 
tem 21 0 and the Bluetooth transceiver system 220 may 
be operatively coupled to each other via a communica- 
tion link 230 (shown in FIG. 2). The communication link 
230 may be, but is not limited to, a wire interface (e.g., 
a hardwire link) and a wireless link (e.g., a radio link or 
an infrared link). The communication link 230 may in- 
clude a plurality of paths so that the transceiver systems 
(shown as 210 and 220) may communicate with each 
other. To illustrate this concept, the communication link 
230 may be a two-wire interface 930 as shown in FIG. 
9. In particular, the two-wire interface 930 includes a 
channel data line 940 and a channel clock line 950. The 
802.1 1 b transceiver system 21 0 may transmit a channel 
data signal (shown as CHANNEL_DATA) via the chan- 
nel data line 940 so that the Bluetooth transceiver sys- 
tem 220 may receive channel information from the 
802.1 1 b transceiver system 21 0. As described detail be- 
low, channel information may be, but is not limited to a 
four-bit code indicative of a radio channel associated 
with the 802.11b transceiver system 210. In response 
to the channel data signal from the 802.11b transceiver 
system 21 0 via the channel data line 940, the Bluetooth 
transceiver system 220 may transmit a channel clock 
signal (shown as CHANN EL_CLK) via the channel clock 
line 950. 

[0027] Referring to FIG. 10, for example, the Blue- 
tooth transceiver system 220 may monitor the channel 
data line 940 for CHANNEL_DATA. Upon detecting a 
rising edge of CHANNELED ATA (i.e., the beginning of 
START BIT), the Bluetooth transceiver system 220 may 
start the channel clock line 950 within a reaction time 
period T reactlon to sample CHANNEL_DATA with a clock 
pulse T C | k . perjod . The Bluetooth transceiver system 220 
may sample CHANNEL_DATA at a rising edge of 

T c ik_high of tne clock P ulse T cik_ P eriod (i- e - when 



CHANNEL_CLK goes to a high state at the beginning 
of T dk_high)- ln particular, the clock pulse T c , k _ period may 
include T clk high and T clkJow . Accordingly, the 802.11b 
transceiver system 21 0 may prepare to transmit channel 

5 information during T^p after a falling edge of T C | k low 
of the clock pulse T dk _p eriod (i.e., when CHANNELJ3LK 
goes to a low state at the beginning of T dk jow ). The 
Bluetooth transceiver system 220 may transmit four ad- 
ditional clock pulses to receive a four-bit code indicative 

io of a radio channel associated with the 802.11b trans- 
ceiver system 21 0 (e.g., a radio channel currently in use 
by the 802.1 1 b transceiver system 210). 
[0028] After the START BIT, the 802.11 b transceiver 
system 210 may transmit the channel number corre- 

15 sponding to the radio channel currently in use by the 
802.1 1 b transceiver system 21 0 to the Bluetooth trans- 
ceiver system 220. For example, the channel number 
may be a four-bit code, generally shown as BitO, Bit1 , 
Bit2, and Bit3. transmitted by the 802.11b transceiver 

20 system 210. The Bluetooth transceiver system 220 may 
transmit four clock pulses, generally shown as PulseO. 
Pulsel , Pulse2, and Pulse3. to read BitO, Bit1 , Bit2, and 
Bit3, respectively. At the end of Bit3, the 802.11b trans- 
ceiver system 210 may set CHANN EL_DATA to a low 

25 state Until it is ready to transmit new channel information 
to the Bluetooth transceiver system 220. 
[0029] Persons of ordinary skill in the art will readily 
recognize that the 802.11b communication protocol de- 
fines 14 "center frequency channels" (i.e., DSSS chan- 

30 nels) within the ISM 2.4 GHz frequency band. To illus- 
trate the concept of a four-bit code to represent channel 
information associated with the 802.11b transceiver 
system, the scheme shown in FIG. 11 may be imple- 
mented. As an example, the 0000 channel code may 

35 indicate that all channels may be available to the Blue- 
tooth transceiver system 220 for communication. Ac- 
cordingly, a priority signal from the Bluetooth transceiver 
system 220, if any, may be ignored by the 802. 1 1 b trans- 
ceiver system 210. 

40 [0030] Turning to the priority signal, the Bluetooth 
transceiver system 220 may transmit the priority signal 
via the channel clock line 950 when the channel clock 
line 950 is not used to obtain channel information from 
the 802.11b transceiver system 210. That is, the Blue- 

45 tooth transceiver system 220 may use the channel clock 
line 950 to transmit either the channel clock signal 
(shown as CHANNEL_CLK in FIG. 1 0) orthe priority sig- 
nal. Because the 802.11b transceiver system 210 has 
priority as a default, the Bluetooth transceiver system 

so 220 may use the priority signal to override the default. 
The priority signal may include information associated 
with a high priority communication such as, but not lim- 
ited to, device discovery, connection establishment, 
connection maintenance, and human interface device 

55 (HID) profile. Referring to FIG. 12, for example, the 
802.11b transceiver system 210 may sample the chan- 
nel clock line 950 and receive the priority signal (shown 
as BT_PRIORITY) from the Bluetooth transceiver sys- 
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tern 220 at the beginning of time period t1 . In response 
to BT_PRIORITY being at a high state, the 802.11b 
transceiver system 210 may suspend all non-critical 
communication via the radio channel by the end of the 
time period t1 (i.e., the time period t1 is the maximum 
time for the 802.11b transceiver system 210 to react to 
the priority signal from the Bluetooth transceiver system 
220). The Bluetooth transceiver system 220 may keep 
BT_PRIORITY at a high state for time period t2. At the 
end of the time period t2, the 802.11b transceiver sys- 
tem 21 0 may resume communication via the radio chan- 
nel (i.e., the time period t2 is the maximum amount of 
time forthe Bluetooth transceiver system 220 to transmit 
its priority signal). For the duration of time period t3, 
BT_PRIORITY is at a low state before going to a high 
state again. That is, the Bluetooth transceiver system 
220 waits through the time period t3 before it may trans- 
mit another priority signal to the 802.11b transceiver 
system 210 via the channel clock line 950. 
[0031] During transmission of the priority signal, the 
Bluetooth transceiver system 220 may monitor the 
channel data line 940 for an indication from the 802.1 1 b 
transceiver system 21 0 of a channel data signal. To re- 
ceive the channel data signal, the Bluetooth transceiver 
system 220 may delay and/or terminate the transmis- 
sion of the priority signal and prepare to receive the 
channel data signal from the 802.11b transceiver sys- 
tem 210 via the channel data line 940. Accordingly, the 
Bluetooth transceiver system 220 may proceed to sam- 
ple the channel data line 940 prior to receiving the four- 
bit channel code as described above. 
[0032] The Bluetooth transceiver system 220 may op- 
erate in a variety of modes based on the channel data 
line 940 and a host controller interface (HCI) command 
(shown as BT_HCI in FIG. 13). For example, the HCI 
command maybe, but is not limited to, an 80 bit code [0: 
79] to designate a FHSS channel operable by the Blue- 
tooth transceiver system 220 for communication. When 
the channel data line 940 is at a low state, the Bluetooth 
transceiver system 220 may be allowed to use any of 
the 79 FHSS channels regardless of the HCI command 
(shown as mode 1). Here, the 802.11b transceiver sys- 
tem 21 0 may be inactive (i.e., turned off or operating in 
a power saving mode). 

[0033] When the channel data line 940 is at a high 
state, however, the Bluetooth transceiver system 220 
may operate to avoid either one of or all 1 4 radio chan- 
nels operable by the 802.1 1 b transceiver system 21 0 (i. 
e., DSSS channels) based on the HCI command. In par- 
ticular, each parameter of the HCI command may all be 
at a high state (i.e., BT HCI (1 , 1 , 1 ... 1 , 1 )) so that the 
Bluetooth transceiver system 220 may avoid all of the 
DSSS channels because a communication link associ- 
ated with the 802.1 lb transceiver system 210, for ex- 
ample, may be lost (shown as mode 2). To reestablish 
that communication link, the 802.11b transceiver sys- 
tem 21 0 may need to select from all of the DSSS chan- 
nels. Alternatively, the HCI command may instruct to the 



Bluetooth transceiver system 220 to avoid a particular 
DSSS channel (e.g., BT_HCI (1, 1, 0, 0 ... 0, 1, 1 ... 1)) 
because the DSSS channel, for example, may be cur- 
rently in use by the 802.11b transceiver system 210 

5 (shown as mode 3). 

[0034] Referring to FIG. 14, another example of the 
wired communication link 230 is shown. The wired com- 
munication link 230 may be a four-wire interface 1430 
including a channel data line 1 440, a channel clock line 

io 1450, a first priority line 1 460, and a second priority line 
1470. Thechannel data line 1440 and the channel clock 
line 1450 may operate similar to the channel data line 
940 and the channel clock line 950 as described above, 
respectively. However, the Bluetooth transceiver sys- 

'5 tern 220 may not use the channel clock line 1450 to 
transmit the priority signal. Instead, the second priority 
line 1470 may be used to relay the priority signal (i.e., 
BT_PRIORITY) from the Bluetooth transceiver system 
220 to the 802.11b transceiver system 210 in a similar 

20 fashion as shown in FIG. 12. In turn, the 802.11b trans- 
ceiver system 21 0 may also transmit a priority signal (i. 
e., 802.11b_PRIORITY) to the Bluetooth transceiver 
system 220 via the first priority line 1 460. 
[0035] In particular, the Bluetooth transceiver system 

25 220 may receive the priority signal (shown as ., 
802.1 1 b_PRIORITY) from the 802.11 b transceiver sys- 
tem 21 0 at the beginning of a time period t4 as shown 
in FIG. 15. Responsive to 802.11 b_PRIORITY being at 
a high state, the Bluetooth transceiver system 220 may 

30 suspend all non-critical communication via the radio 
channel by the end of the time period t4 (i.e., the time 
period t4 is the maximum time for the Bluetooth trans- 
ceiver system 220 to react to the priority signal from the 
802.11b transceiver system 210). The 802.11b trans- 

35 ceiver system 210 may keep 802.1 1b_PRIORITY at a 
high state for time period t5. At the end of time period 
t5, the Bluetooth transceiver system 220 may resume 
communication via the radio channel (i.e., the time pe- 
riod t5 is the maximum time forthe 802.11b transceiver 

40 system 21 0 to transmit its priority signal). For the dura- 
tion of time period t6, BT_PRIORITY is at a low state 
before going to a high state again. That is, the 802.11b 
transceiver system 21 0 may wait through the time peri- 
od t6 before it may transmit another priority signal to the 

45 Bluetooth transceiver system 220 via the first priority line 
1460. 

[0036] As a result, the 802.11b transceiver system 
210 may either communicate a radio channel currently 
in use by the 802.11b transceiver system 210 to the 

so Bluetooth transceiver system 220 so that the Bluetooth 
transceiver system 220 may avoid all non-critical com- 
munication via the radio channel or indicate that no radio 
channel is currently in use by the 802.11b transceiver 
system 210 so that the Bluetooth transceiver system 

55 220 may communicate via the radio channel. 

[0037] Although much of the above discussion has fo- 
cused on reducing radio interference between a trans- 
ceiver system operating in accordance with 802.11b 
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communication protocol and a transceiver system oper- 
ating in accordance with Bluetooth communication pro- 
tocol, persons of ordinary skill in the art will appreciate 
that transceiver systems operating in accordance with 
other communication protocols may be used within a 
wireless communication system or an electronic device 
such as 802. 1 1 a and 802.1 1 g communication protocols. 
[0038] Many changes and modifications to the em- 
bodiments described herein could be made. The scope 
of some changes is discussed above. The scope of oth- 
ers will become apparent from the appended claims. 



Claims 

1 . A method comprising: 

providing channel information from a first trans- 
ceiver system to a second transceiver system 
via a first path of a communication link, the 
channel information being indicative of a radio 
channel associated with the first transceiver 
system, and the first and second transceiver 
systems being in the same electronic device; 
and 

providing priority information from the second 
transceiver system to the first transceiver sys- 
tem via a second path of the communication 
link, the priority information being indicative of 
a priority activity associated with the second 
transceiver system to use the radio channel. 

2. A method as defined in claim 1 , wherein providing 
channel information from a first transceiver system 
to a second transceiver system via a first path of a 
communication link comprises providing channel 
information from the first transceiver system to the 
second transceiver system via a first path of one of 
a wire interface and a wireless link between the first 
transceiver system and the second transceiver sys- 
tem. 

3. A method as defined in claim 1 , wherein providing 
channel information from a first transceiver system 
to a second transceiver system via a first path of a 
communication link comprises providing channel 
information from a transceiver system operating in 
accordance with the Institute of Electrical and Elec- 
tronic Engineers (IEEE) 802.11b communication 
protocol and a transceiver system operating in ac- 
cordance with the Bluetooth communication proto- 
col. 

4. A method as defined in claim 1 , wherein providing 
channel information from the first transceiver sys- 
tem to the second transceiver system via a first path 
of the communication link comprises providing a 
four-bit code indicative of the radio channel from the 



first transceiver system to the second transceiver 
system via the first path of the communication link. 

5. A method as defined in claim 1 , wherein providing 
5 channel information from the first transceiver sys- 
tem to the second transceiver system via a first path 
of the communication link comprises providing 
channel information indicative of a direct sequence 
spread spectrum (DSSS) channel from the first 
io transceiver system to the second transceiver sys- 
tem via the first path of the communication link, the 
DSSS channel being a radio channel currently in 
use by the first transceiver system. 

'5 6. A method as defined in claim 1, wherein the provid- 
ing channel information from the first transceiver 
system to the second transceiver system via a first 
path of the communication link comprises providing 
a host controller interface (HCI) command indica- 

20 tive of a frequency hopping spread spectrum 
(FHSS) channel from the first transceiver system to 
the second transceiver system via the first path of 
the communication link, the FHSS channel being a 
radio channel operable by the second transceiver 

25 system for communication. 

7. A method as defined in claim 1 , wherein providing 
channel information from the first transceiver sys- 
tem to the second transceiver system via a first path 

30 of the communication link comprises providing 
channel information from transceiver systems dis- 
posed within one of a laptop computer, a handheld 
computer, a cellular telephone, and a personal dig- 
ital assistant (PDA). 

35 

8. A method as defined in claim 1 , wherein providing 
priority information from the second transceiver 
system to the first transceiver system via a second 
path of the communication link comprises providing 

40 priority information indicative of one of a device dis- 
covery, a connection establishment, a connection 
maintenance, and a human interface device (HID) 
profile via the second path of the communication 
link. 

45 

9. A method comprising: 

providing a channel data signal from a first 
transceiver system to a second transceiver sys- 
50 tern via a first path of a communication link, the 

channel data signal including information indic- 
ative of a radio channel associated with the first 
transceiver system, and the first and second 
transceiver systems being in the same elec- 
ts tronic device; 

providing a channel clock signal from the sec- 
ond transceiver system to the first transceiver 
system via a second path of the communication 



Q 



17 



EP 1 389 855 A2 



18 



link to retrieve the information indicative of the 
radio channel; 

providing a first priority signal from the first 
transceiver system to the second transceiver 
system via a third path of the communication 
link to use the radio channel in response to a 
priority activity associated with the first trans- 
ceiver system; and 

providing a second priority signal from the sec- 
ond transceiver system to the first transceiver 
system via a fourth path of the communication 
link to use the radio channel in response to a 
priority activity associated with the second 
transceiver system. 

10. A method as defined in claim 9, wherein providing 
a communication link having at least four paths be- 
tween afirst transceiver system and a second trans- 
ceiver system comprises providing one of a wire in- 
terface and a wireless link between the first trans- 
ceiver system and the second transceiver system. 

11. A method as defined in claim 9, wherein providing 
a communication link having at least four paths be- 
tween afirst transceiver system and asecond trans- 
ceiver system comprises providing a communica- 
tion link having at least four paths between a trans- 
ceiver system operating in accordance with the In- 
stitute of Electrical and Electronic Engineers (IEEE) 
802.11b communication protocol and a transceiver 
system operating in accordance with the Bluetooth 
communication protocol. 

12. A method as defined in claim 9, wherein providing 
a channel data signal from the first transceiver sys- 
tem to the second transceiver system via a first path 
of the communication link comprises providing a 
four-bit code indicative of the radio channel from the 
first transceiver system to the second transceiver 
system via the first path of the communication link. 

13. An electronic device comprising: 

a communication link having at least two paths; 
a first transceiver system, the first transceiver 
system being configured to provide channel in- 
formation associated with a radio channel via a 
first path of the communication link, and the ra- 
dio channel is associated with the first trans- 
ceiver system; and 

a second transceiver system in communication 
with the first transceiversystem via the commu- 
nication link, the second transceiver system be- 
ing configured to provide priority information in- 
dicative of a priority activity associated with 
second transceiver system via a second path 
of the communication link. 



14. An electronic device as defined in claim 1 3, wherein 
the communication link is one of a wire interface and 
a wireless link. 

s 15. An electronic device as defined in claim 1 3, wherein 
the first transceiver system is a transceiver system 
operating in accordance with Institute of Electrical 
and Electronic Engineers (IEEE) 802.11b commu- 
nication protocol, and the second transceiver sys- 

10 tern is a transceiver system operating in accord- 
ance with Bluetooth communication protocol. 

1 6. An electronic device as defined in claim 1 3, wherein 
the channel information includes a four-bit code in- 

15 dicative of the radio channel. 

17. An electronic device as defined in claim 1 3, wherein 
the channel information includes a host controller 
interface (HCI) command indicative of a radio chan- 

20 nel operable by the second transceiver system for 
communication. 

18. An electronic device as defined in claim 1 3, wherein 
the communication link comprises a third path and 

25 a fourth path, wherein the first transceiver system 
being configured to transmit priority information in- 
dicative of a priority activity associated with the first 
transceiver system via the third path, and wherein 
the second transceiver system being configured to 

30 transmit a clock pulse via the fourth path to initiate 
transmission of channel information from the first 
transceiversystem. 

19. An electronic device as defined in claim 13 is one 
35 of a laptop computer, a handheld computer, a cel- 
lular telephone, and a personal digital assistant 
(PDA). 

20. In an electronic device including a first transceiver 
40 system and a second transceiver system , a compu- 
ter program comprising: 

a first routine that directs a processor to provide 
channel information from afirst transceiver sys- 

45 tern to a second transceiver system via a first 

path of a communication link having at least two 
paths, the channel information being indicative 
of a radio channel associated with the first 
transceiver system, the processor operates in 

50 accordance with a computer program embod- 

ied on a computer-readable medium; and 
a second routine that directs the processor to 
provide priority information from the second 
transceiver system to the first transceiver sys- 

55 tern via a second path of the communication 

link, the priority information being indicative of 
a priority activity associated with the second 
transceiver system to use the radio channel. 
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21 . A computer program as defined in claim 20, wherein 
the first routine comprises a routine that directs the 
processor to provide channel information from a 
first transceiver system to a second transceiver sys- 
tem via a first path of one of a wire interface and a 5 
wireless link. 

22. A computer program as defined in claim 20, wherein 
the first routine comprises a routine that directs the 
processor to provide channel information from a io 
transceiver system operating in accordance with 
the Institute of Electrical and Electronic Engineers 
(IEEE) 802.11b communication protocol to a trans- 
ceiver system operating in accordance with the 
Bluetooth communication protocol via the first path '5 
of the communication link. 

23. A computer program as defined in claim 20, wherei n 
the first routine comprises a routine that directs the 
processor to provide a four-bit code indicative of the 20 
radio channel from the first transceiver system to 
the second transceiver system via the first path of 
the communication link. 

24. A computer program as defined in claim 20, wherein 25 
the first routine comprises a routine that directs the 
processor to provide a host controller interface 
(HCI) command from the first transceiver system to 
the second transceiver system via the first path of 
the communication link, the HCI command being in- 30 
dicative of a radio channel operable by the second 
transceiver system. 

25. A computer program as defined in claim 20 further 
comprising: 35 



26. A computer program as defined in claim 20, wherein 
the electronic device comprises one of a laptop & 
computer, a cellular telephone, and a personal dig- 
ital assistant (PDA). 



27. A computer program as defined in claim 20, wherein 
the computer-readable medium is one of paper, a 
programmable gate array, application specific inte- 
grated circuit, erasable programmable read only 
memory, read only memory, random access mem- 
ory, magnetic media, and optical media. 

28. A system comprising: 

a communication link having at least two paths; 
a first transceiver system, the first transceiver 
system is to provide channel information asso- 
ciated with a radio channel via a first path of the 
communication link, and the radio channel is 
associated with the first transceiver system; 
and 

a second transceiver system in communication 
with the first transceiver system via the commu- 
nication link, the second transceiver system is 
to provide priority information indicative of a pri- 
ority activity associated with second transceiv- 
er system via a second path of the communi- 
cation link. 

29. A system as defined in claim 28, wherein the com- 
munication link is one of a wire interface and a wire- 
less link. 

30. A system as defined in claim 28, wherein the first 
transceiver system is a transceiver system operat- 
ing in accordance with Institute of Electrical and 
Electronic Engineers (IEEE) 802.11b communica- 
tion protocol, and the second transceiver system is 
a transceiver system operating in accordance with 
Bluetooth communication protocol. 

31 . A system as defined in claim 28, wherein the chan- 
nel information includes a four-bit code indicative of 
the radio channel. 

32. A system as defined in claim 28, wherein the com- 
munication link comprises a third path and a fourth 
path, wherein the first transceiver system being 
configured to transmit priority information indicative 
of a priority activity associated with the first trans- 
ceiver system via the third path, and wherein the 
second transceiver system being configured to 
transmit a clock pulse via the fourth path to initiate 
transmission of channel information from the first 
transceiver system. 

33. A system comprising: 

an antenna; 

a communication link having at least two paths; 
a first transceiver system operatively coupled 
to the antenna, the first transceiver system is 
to provide channel information associated with 



a third routine that directs the processor to pro- 
vide priority information from the firsttransceiv- 
er system to the second transceiver system via 
a third path of the communication link, the pri- *o 
ority information being indicative of a priority 
activity associated with the first transceiver sys- 
tem; and 

a fourth routine that directs the processor to 
provide a clock pulse from the second trans- 45 
ceiver system to the first transceiver system via 
a fourth path of the communication link, the 
clock pulse being configured to initiate trans- 
mission of channel information from the first 
transceiver system to the second transceiver so 
system via the first path of the communication 
link. 
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a radio channel via a first path of the commu- 
nication link, and the radio channel is associat- 
ed with the first transceiver system; and 
a second transceiver system operatively cou- 
pled to the antenna, the second transceiver 
system is in communication with the first trans- 
ceiver system via the communication link, and 
the second transceiver system is to provide pri- 
ority information indicative of a priority activity 
associated with second transceiver system via 
a second path of the communication link. 

34. A system as defined in claim 33, wherein the com- 
munication link is one of a wire interface and a wire- 
less link. 

35. A system as defined in claim 33, wherein the first 
transceiver system is a transceiver system operat- 
ing in accordance with Institute of Electrical and 
Electronic Engineers (IEEE) 802.11b communica- 
tion protocol, and the second transceiver system is 
a transceiver system operating in accordance with 
Bluetooth communication protocol. 

36. A system as defined in claim 33, wherein the chan- 
nel information includes a four-bit code indicative of 
the radio channel. 

37. A system as defined in claim 33, wherein the com- 
munication link comprises a third path and a fourth 
path, wherein the first transceiver system being 
configured to transmit priority information indicative 
of a priority activity associated with the first trans- 
ceiver system via the third path, and wherein the 
second transceiver system being configured to 
transmit a clock pulse via the fourth path to initiate 
transmission of channel information from the first 
transceiver system. 

38. A system comprising: 

a connecting means having at least two paths; 
a first means for transmitting and receiving in- 
formation, the first means is to provide channel 
information associated with a radio channel via 
a first path of the connecting means, and the 
radio channel is associated with the first trans- 
ceiver system; and 

a second means for transmitting and receiving 
information in communication with the first 
means for transmitting and receiving informa- 
tion via the connecting means, the second 
means is to provide priority information indica- 
tive of a priority activity associated with the sec- 
ond means via a second path of the connecting 
means, 

39. A system as defined in claim 38, wherein the first 



means is to provide a four-bit code indicative of the 
radio channel from the first means to the second 
means via the first path of the connecting means. 

5 40. A system as defined in claim 38, wherein the first 
means is to provide a host controller interface (HCI) 
command indicative of a frequency hopping spread 
spectrum (FHSS) channel to the second means via 
the first path of the connecting means, the FHSS 

10 channel being a radio channel operable by the sec- 
ond means for communication. 

41. A method comprising: 

'5 providing a host controller interface (HCI) com- 

mand indicative of a frequency hopping spread 
spectrum (FHSS) channel from a first trans- 
ceiver system to a second transceiver system 
via a first path of a wire interface, the FHSS 

20 channel being a radio channel operable by the 

second transceiver system for communication, 
and the first and second transceiver systems 
being in the same electronic device; and 
providing priority information from the second 

25 transceiver system to the first transceiver sys- 

tem via a second path of the wire interface, the 
priority information being indicative of a priority 
activity associated with the second transceiver 
system to use the radio channel. 

30 

42. A method as defined in claim 40, wherein providing 
an HCI command from a first transceiver system to 
a second transceiver system via a first path of a 
communication link comprises providing an HCI 

35 command from a transceiver system operating in 
accordance with one of the Institute of Electrical and 
Electronic Engineers (IEEE) 802.11a, 802.11b and 
802.1 1 g communication protocols and a transceiver 
system operating in accordance with the Bluetooth 

40 communication protocol. 

43. In a wireless communication system, a method for 
communicating via afirst radio channel, the method 
comprising: 

45 

providing a wired communication link between 
a first transceiver system and a second trans- 
ceiver system, the first transceiver system and 
the second transceiver system being in the 

so same electronic device: 

providing channel information indicative of a 
second radio channel from the second trans- 
ceiver system to the first transceiver system via 
the wired communication link; and 

55 communicating via the first radio channel with 

the first transceiver system if the channel infor- 
mation is indicative of a lack of radio interfer- 
ence between the first radio channel and the 
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second radio channel. 

44. A method as defined in claim 43 wherein providing 
a wired communication link between a first trans- 
ceiver system and a second transceiver system s 
comprises providing a wired communication link be- 
tween a transceiver system operating in accord- 
ance with the Bluetooth communication protocol 
and a transceiver system operating in accordance 
with the Institute of Electrical and Electronic Engi- 10 
neers (IEEE) 802.11b communication protocol. 

45. A method as defined in claim 43 wherein the same 
electronic device comprises one of a laptop compu- 
ter, a cellular telephone, and a personal digital as- is 
sistant (PDA). 

46. A method as defined in claim 43 wherein providing 
channel information indicative of a second radio 
channel from the second transceiver system to the 20 
first transceiver system via the wired communica- 
tion link comprises providing channel information 
associated with one of a reference corresponding 

to the second radio channel, an operating mode of 
the second radio channel, and a priority level of 25 
communication associated with the second trans- 
ceiver system via the second radio channel. 

47. A method as defined in claim 43 wherein providing 
channel information indicative of a second radio so 
channel from the second transceiver system to the 
first transceiver system via the wired communica- 
tion link comprises providing one of a number, a let- 
ter, and an alphanumeric character corresponding 

to the second radio channel. 35 

48. A method as defined in claim 43 wherein providing 
channel information indicative of a second radio 
channel from the second transceiver system to the 
first transceiver system via the wired communica- 40 
tion link comprises providing channel information 
indicative of a direct sequence spread spectrum 
(DSSS) channel from the second transceiver sys- 
tem to the first transceiver system. 

45 

49. A method as defined in claim 43 wherein commu- 
nicating via the first radio channel with the first 
transceiver system if the channel information is in- 
dicative of a lack of radio interference between the 
first radio channel and the second radio channel so 
comprises communicating via a frequency hopping 
spread spectrum (FHSS) channel with the first 
transceiver system if the channel information is in- 
dicative of a lack of radio interference between the 
FHSS channel and a direct sequence spread spec- ss 
trum (DSSS) channel. 

50. A method as defined in claim 43 wherein commu- 



nicating via the first radio channel with the first 
transceiver system if the channel information is in- 
dicative of a lack of radio interference between the 
first radio channel and the second radio channel 
comprises communicating via the first radio chan- 
nel with the first transceiver system if the channel 
information is indicative of the first radio channel be- 
ing absent from an interference zone of the second 
radio channel. 

51. A method as defined in claim 43 wherein commu- 
nicating via the first radio channel with the first 
transceiver system if the channel information is in- 
dicative of a lack of radio interference between the 
first radio channel and the second radio channel 
comprises communicating via the first radio chan- 
nel with the first transceiver system if the channel 
information is indicative of thefirst radio channel be- 
ing in an interference zone of the second radio 
channel and indicative of the second radio channel 
being inactive for communication associated with 
the second transceiver system. 

52. A method as defined in claim 43 wherein commu- 
nicating via the first radio channel with the first 
transceiver system if the channel information is in- 
dicative of a lack of radio interference between the 
first radio channel and the second radio channel 
comprises communicating via the first radio chan- 
nel with the first transceiver system if the channel 
information is indicative of thefirst radio channel be- 
ing in an interference zone of the second radio 
channel, indicative of the second radio channel be- 
ing active for communication associated with the 
second transceiver system, and indicative of the 
communication associated with the second trans- 
ceiver system via the second radio channel being 
higher priority than the communication associated 
with the first transceiver system via the first radio 
channel. 

53. A method as defined in claim 52 further comprises: 

providing operating information indicative of 
the first transceiver system operating the first 
radio channel to the second transceiver sys- 
tem: and 

suspending communication associated with 
the second transceiver system via the second 
radio channel in response to the operating in- 
formation. 

54. A method as defined in claim 53 wherein providing 
operating information indicative of the first trans- 
ceiver system operating the first radio channel to 
the second transceiver system via the wired com- 
munication link-comprises providing operating in- 
formation indicative of the first transceiver system 
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operating the first radio channel to the second trans- 
ceiver system via the wired communication link in 
response to one of a device discovery, a connection 
establishment, a connection maintenance, and a 
human interface device (HID) profile. 

55. A methodforschedulingcommunicationfrom trans- 
ceiver systems within an electronic device, the 
method comprising: 

selecting a first radio channel for communica- 
tion associated with a first transceiver system; 
receiving an operating signal from a second 
transceiver system via a wired communication 
link, the operating signal having channel infor- 
mation indicative of asecond radio channel, the 
second radio channel configured for communi- 
cation associated with the second transceiver 
system; and 

communicating via the first radio channel in re- 
sponse to the channel information being indic- 
ative of a lack of radio interference between the 
first transceiver system and the second trans- 
ceiver system. 

56. A method as defined in claim 55 wherein selecting 
a first radio channel for communication associated 
with a first transceiver system comprises selecting 
a frequency hopping spread spectrum (FHSS) 
channel for communication associated with a trans- 
ceiver system operating in accordance with the 
Bluetooth communication protocol. 

57. A method as defined in claim 55 wherein receiving 
an operating signal from a second transceiver sys- 
tem via a wired communication link comprises re- 
ceiving an operating signal from a transceiver sys- 
tem operating in accordance with Institute of Elec- 
trical and Electronic Engineers (IEEE) 802.11b 
communication protocol via a wired communication 
link. 

58. A method as defined in claim 55 wherein receiving 
an operating signal from a second transceiver sys- 
tem via a wired communication link comprises re- 
ceiving an operating signal including information 
associated with one of a reference corresponding 
to the second radio channel, an operation mode of 
the second radio channel, and a priority level of 
communication associated with the second trans- 
ceiver system via the second radio channel from the 
second transceiver system via a wired communica- 
tion link. 

59. A method as defined in claim 55 wherein receiving 
an operating signal from a second transceiver sys- 
tem via a wired communication link comprises re- 
ceiving an operating signal including information 



associated with one of a reference corresponding 
to a direct sequence spread spectrum (DSSS) 
channel, an operation mode of the DSSS channel, 
and a priority level of communication associated 
5 with the second transceiver system via the DSSS 
channel from the second transceiver system via a 
wired communication link. 

60. A method as defined in claim 55 wherein commu- 
io nicating via the first radio channel in response to the 
channel information being indicative of a lack of ra- 
dio interference between the first transceiver sys- 
tem and the second transceiver system comprises 
communicating via a frequency hopping spread 
's spectrum (FHSS) channel in response to the chan- 
nel information being indicative of a lack of radio in- 
terference between the first transceiver system and 
the second transceiver system. 

20 61. A method as defined in claim 55 wherein commu- 
nicating via the first radio channel in response to the 
channel information being indicative of a lack of ra- 
dio interference between the first transceiver sys- 
tem and the second transceiver system further 

25 comprises: 

transmitting a priority signal to the second 
transceiver system in response to a high priority 
communication associated with the first trans- 
30 ceiver system; and 

communicating via the first radio channel in re- 
sponse to transmission of the priority signal. 

62. A method as defined in claim 55 wherein the device 
35 is one of a laptop computer, a cellular telephone, 

and a personal digital assistant (PDA). 

63. An electronic device comprising: 

40 a wired communication link; 

a first transceiver system, the first transceiver 
system being operable to provide channel in- 
formation indicative of afirst radio channel; and 
a second transceiver system in communication 

45 with the first transceiver system via the wired 

communication link, the second transceiver 
system being responsive to the channel infor- 
mation to communicate via a second radio 
channel if the channel information is indicative 

so of a lack of radio interference between the first 

radio channel and the second radio channel. 

64. An electronic device as defined in claim 63 wherein 
the wired communication link comprises one of a 

55 hardwire link and a communication bus. 

65. An electronic device as defined in claim 63 wherein 
the first transceiver system is a transceiver system 
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operating in accordance with Institute of Electrical 
and Electronic Engineers (IEEE) 802.11b commu- 
nication protocol, and the second transceiver sys- 
tem is a transceiver system operating in accord- 
ance with Bluetooth communication protocol. 

66. An electronic device as defined in claim 63 wherein 
the first radio channel is a direct sequence spread 
spectrum (DSSS) channel and the second radio 
channel is a frequency hopping spread spectrum 
(FHSS) channel. 

67. An electronic device as defined in claim 63 wherein 
the channel information indicative of a first radio 
channel comprises information associated with one 
of a reference corresponding to the first radio chan- 
nel, an operation mode of the first radio channel, 
and a priority level of communication associated 
with the first transceiver system via the first radio 
channel. 

68. An electronic device as defined in claim 63 wherein 
the second transceiver system is operable to trans- 
mit a priority signal to the first transceiver system 
via the wired communication link in response to high 
priority communication associated with the second 
transceiver system. 

69. An electronic device as defined in claim 68 wherein 
the first transceiver system is operable to suspend 
communication associated with the first transceiver 
system via the first radio channel in response to the 
priority signal from the second transceiver system. 

70. An electronic device as defined in claim 68 wherein 
the high priority communication associated with the 
second transceiver system is one of a device dis- 
covery, a connection establishment, a connection 
maintenance, and a human interface device (HID) 
profile. 

71. An electronic device as defined in claim 63 is one 
of a laptop computer, a cellular telephone, and a 
personal digital assistant (PDA). 

72. In an electronic device including a first transceiver 
system and a second transceiver system, a proces- 
sor operates in accordance with a computer pro- 
gram embodied on a computer-readable medium 
for a computer program for communicating via a 
first radio channel, the computer program compris- 
ing: 

a first routine that directs the processor to pro- 
vide channel information indicative of a second 
radio channel from the second transceiver sys- 
tem to the first transceiver system via a wired 
communication link operatively coupled to the 



first and second transceiver systems; and 
a second routine that directs the processor to 
communicate via the first radio channel with the 
first transceiver system if the channel informa- 
5 tion is indicative of a lack of radio interference 

between the first radio channel and the second 
radio channel. 

73. A computer program as defined in claim 72 wherein 
10 the electronic device comprises one of a laptop 

computer, a cellular telephone, and a personal dig- 
ital assistant (PDA). 

74. A computer program as defined in claim 72 wherein 
15 the first routine comprises a routine that directs the 

processor to provide channel information indicative 
of a direct sequence spread spectrum (DSSS) 
channel from a transceiver system operating in ac- 
cordance with the 802.1 1 b communication protocol 
20 to a transceiver system operating in accordance 
with the Bluetooth communication protocol via a 
wired communication link operatively coupled to the 
transceiver systems. 

25 75. A computer program as defined in claim 72 wherein 
the first routine comprises a routine that directs the 
processor to provide channel information associat- 
ed with one of a reference corresponding to the sec- 
ond radio channel, an operating mode of the second 

30 radio channel, and a priority level of communication 
associated with the second transceiver system via 
the second radio channel. 

76. A computer program as defined in claim 72 wherein 
35 the first routine comprises a routine that directs the 

processor to provide providing channel information 
indicative of a direct sequence spread spectrum 
(DSSS) channel from the second transceiver sys- 
tem to the first transceiver system. 

40 

77. A computer program as defined in claim 72 wherein 
the second routine comprises a routine that directs 
the processor to communicate via a frequency hop- 
ping spread spectrum (FHSS) channel with the first 

45 transceiver system if the channel information is in- 
dicative of a lack of radio interference between the 
FHSS channel and a direct sequence spread spec- 
trum (DSSS) channel. 

50 78. A computer program as defined in claim 72 wherein 
the second routine comprises a routine that directs 
the processor to communicate via the first radio 
channel with the first transceiver system if the chan- 
nel information is indicative of the first radio channel 

55 being absent from an interference zone of the sec- 
ond radio channel. 

79. A computer program as defined in claim 72 wherein 
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the second routine comprises a routine that directs 
the processor to communicate via the first radio 
channel with the first transceiver system if the chan- 
nel information is indicative of the first radio channel 
being in an interference zone of the second radio 5 
channel and indicative of the second radio channel 
being inactive for communication associated with 
the second transceiver system. 

80. A computer program as defined in claim 72 wherein 10 
the second routine comprises a routine that directs 
the processor to communicate via the first radio 
channel with thefirst transceiver system if the chan- 
nel information is indicative of the first radio channel 
being in an interference zone of the second radio '5 
channel, indicative of the second radio channel be- 
ing active for communication associated with the 
second transceiver system, and indicative of the 
communication associated with the second trans- 
ceiver system via the second radio channel being 20 
higher priority than the communication associated 
with the first transceiver system via the first radio 
channel. 

81. A computer program as defined in claim 72 wherein 25 
the second routine further comprises: 

a routine that directs the processor to provide 
operating information indicative of the first 
transceiver system operating the first radio 30 
channel to the second transceiver system; and 
a routine that directs the processor to suspend 
communication associated with the second 
transceiver system via the second radio chan- 
nel in response to the operating information. 35 

82. A computer program as defined in claim 72 wherein 
the computer-readable medium is one of paper, a 
programmable gate array, application specific inte- 
grated circuit, erasable programmable read only 40 
memory, read only memory, random access mem- 
ory, magnetic media, and optical media. 



■ifi 



EP 1 389 855 A2 




17 



EP 1 389 855 A2 



V 



r 



110 




r 



220 
222 



Transmitting 
Unit 



224 



Receiving 
Unit 



L 



230 



202 



L 



Processor 



204 



Memory 



L 



210 
2lT 



Transmitting 
Unit 



r2H 



Receiving 
Unit 



m.2 



18 



EP 1 389 855 A2 




EP 1 389 855 A2 




20 



EP 1 389 855 A2 




21 



EP 1 389 855 A2 




22 



EP 1 389 855 A2 




23 



EP 1 389 855 A2 



Select an 
RF Channel 



Receive an 
Operating Signal 



-B10 



■820 



830 
No 




r 



880 



Transmit Bluetooth 
Operating Signal 



872 



Delay Until 802.11b 
Communication is 
Complete 



Terminate 
Bluetooth 
Communication 



■874 840- 

FIG. 8 



Bluetooth Communication 
Use Selected Channel 



10. 



EP 1 389 855 A2 




o 

S 

►J 

I 



i 



o 



5 



% 
I 



-3 




25 



EP 1 389 855 A2 




2fi 



EP 1 389 855 A2 



> 


































u 
a 
a 


































Center Fre 




GHz 


o 


N 

5 


GHz 


X 

o 


GHz 


X 

o 


GHz 


X 

0 


GHz 


GHz 


GHz 


GHz 


GHz 






I 2.412 


2.417 


2.422 


2.427 


2.432 


2.437 


2.442 


2.447 


2.452 


! 2.457 


2.462 


I 2.467 


2.472 


2.484 










CS 


n 






\o 




00 


a\ 


o 




cs 


cn 
i-i 


>— 1 






lb off air 


lb channel 


lb channel 


u 
c 

E 

a 
-C 

o 

X> 


lb channel 


lb channel 


1 b channel 


V 

c 

x: 
o 

x> 


lb channel 


Ibchannel 


u 
c 
c 

«J 

x; 

o 

Xt 


Ibchannel 


ai 
C 
c 

cs 

JC 

u 

X) 


( b channel 


lb channel 


■o 

t 




s 

00 


S 

DO 


cs 
o 

oo 


CS 
O 
00 


cs 
o 

00 


CM 

o 

00 


s 

oo 


<N 
O 
oa 


cs 
o 

00 


cs 
o 

00 


IN 

o 

00 


CM 

o 

00 


s 

oo 


CS 

o 

oo 


cs 
© 
oo 


1) 

■0 

u 


Code 


































Channel 




































































■ 


































Four 


0000 


0001 


0100 


0011 


0100 


0101 


O 
S 


© 




1001 


O 

© 


»— 1 

O 


8 


1 10 1 


O 





27 



EP 1 389 855 A2 



jf 



~ ^ S Q * l * £ 
S § Si te b S 

(a S % Q u 



2 S 55 S =c 



5 Co 



S Q 

tO <r 3; 



co tt; 

c c o 
lu £ - 



^— i— m 

IQ -3 



S3 

u: 



o 




28 



EP 1 389 855 A2 



5 

5 
§ 



re 

n 

i ^ 



a: 
e> 

it 



o co 



5^ 

S 
I 



I 
I 



5^ 
o 



s 



Lit 



Q 
O 



si 

t- «2 5 

Uj g o 
5> ~l 

-J cc — i 

CQ »- <C 



2 

O 2 p 
O S W 

fc. to S: 

tu^O 
3 

-J Cc -I 
CO C «t 



J 

£ to 
O 52 p 

K- U) S 

uj 3 o 

is <t ~j 



29 



EP 1 389 855 A2 




O 



8. 



I 

— I 
UJ 



o 




30 



EP 1 389 855 A2 




IMF 



o g 
o 3 

OQ CO 



CD 

u: 



LU UU 

-J UJ 
05 CC 



>- 

CC -J 



I 



31 



